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Introduction
The atria of the heart are important physiological sites of volume regulation. Beside working musculature and the specific conduction system, myoendocrine cells are located there that synthesize and store the atrial natriuretic peptide (ANP).' Increases of ANP plasma levels can be elicited by atrial stretch caused by volume expansion, elevation of atrial pressure, and atrial tachycardia.^"•'
The aim of the present study was to investigate the acute influence of different pacing modes, rates, and AV delays in patients with dual Supported by grant no. RWH-493/51 from Stiftung P.E. Kempkes, Marburg, FRG. chamber pacemakers (DDD) on peripheral plasma levels of ANP. This was of interest since AV conduction disturbances lead to elevated atrial blood pressure. It was descrihed that in the atrial pulse tracing of patients with third-degree AV block "cannon" A waves occur when the atrium contracts against a closed AV valve."^ Furthermore, it was suggested that variations in AV synchrony influence ANP plasma levels.M ethods Ten patients with DDD pacemakers (6 with Biotronik Diplos 04/05, [Biotronik, Lake Oswego, OR, USA] 4 with Intermedics Cosmos [Intermedics. Inc., Freeport. TX, USA]) were examined between 8 and 11 o'clock AM. The mean age of the patients was 65 years. None of them showed clinical evidence of congestive heart failure, valvular heart disease, or pulmonary disease. Three of them were treated with digitalis glycosides. two with nitrates, and none of them with diuretics. The indications for pacemaker therapy were documented as intermittent second-and third-degree AV biock or binodal disease in five patients, respectively. In resting patients, the pacemakers were programmed at a rate of 82 bpm and different AV intervals (200. 175, 150, 125. 100, 50 . and 15* msec) were chosen (^impossible in the 4 patients with Intermedics Cosmos pacemakers). Under these conditions, the stimulation of atrium and ventricle was performed exclusively by the pacemakers. Same patients were examined 1 day later using DDD stimulation at a rate of 113/minute and 175, 150, 125. 100. and 50 msec AV delay. At 200 msec AV intervals, most patients displayed ventricular combination systoles in the ECG tracing. Therefore, we did not use this AV delay. At a frequency of 113/minute. the pacemakers could not be programmed in 15 msec AV delay.
The next day. ANP plasma concentrations of these patients were examined under AAI, DDD (175 msec AV delay) and VVI stimulation at 82/ minute pacing rate. Ten minutes after switching to another AV delay or changing the pacing mode, blood was saved from an antecubital vein. Plasma ANP was measured as previously described.^ In brief, blood samples were collected on ice into EDTA tubes containing 500 kU/mL of the protease inhibitor aprotinin (Trasylol. Bayer AG, Leverkusen, FRG). After centrifugation at 2000 g at 4°C for 30 minutes. ANP was extracted using Cl8-Sep-pak cartridges (Waters Associates. Milford, MA, USA), Eluates were stored at -70°C until assay. ANP was measured using a specific radioimmunoassay method (Amersham. human a ANP [I 125] radioimmunoassay system, code RPA.512).
Results are given as absolute ANP plasma levels during the respective AV delays or pacing modes. Relative changes in ANP concentration were calculated in comparison to basal levels which were assumed to be -1.
Statistical analysis was performed using oneway analysis of variance and Student's t-test for repeated measurements. Differences at the 95% level were considered significant. All values are means ± standard deviation (SD).
Results
The mean absolute and relative ANP plasma levels during AAI. DDD, and VVI pacing at 82/ minute are shown in Figure 1 . In our resting patients. VVI stimulation caused a significant increase of circulating ANP compared to DDD and AAI pacing. There was no difference in ANP between AAI and DDD pacing mode. ANP levels were also altered by changing the programmed AV delay in DDD pacing (Table I) .
At 82/minute pacing rate, lowest ANP plasma concentration were measured at 175 msec AV delay. Both extending and shortening the AV delay caused an increase of ANP. At 15 msec AV November 1989intervals, the elevation of ANP was statistically significant compared to the others. Programming this short AV delay led to hormone concentrations comparable to those under VVI stimulation.
At 113/minute stimulation frequency, both the mean plasma ANP levels (Fig. 2) as well as those of the respective AV delays (Table II) were more than threefold higher than under 82/minute.
The ANP level at a 50 msec AV delay was above those resulting from all other AV delays. In contrast to the results described above a definite minimum of absolute or relative ANP plasma levels at certain AV intervals could not be found under 113/minute.
Discussion
Myoendocrine cells located in both atria and ventricle of the heart synthesize the atrial natriuretic peptide and store it as a prohormone of 126 amino acids. The C-terminal part of 28 amino acids contains the biologically active part of the molecule.^•'^ Once released. ANP has a half-life of 3 minutes and leads to increased glomerular filtration, natriuresis, diuresis, and to an inhibition of aldosterone secretion and suppression of vasopressin release.^'Ŝ ensitive radioimmunoassay systems are now available for routine ANP measurements. Approximately 2 to 30 fmol/mL of this peptide can be measured in human plasma of healthy individuals."'^" There is evidence for an increase of ANP plasma concentrations with age in the literature, which is thought to mirror a compensatory mechanism resulting from decreased tissue responses to ANP.^ However, the basal hormone levels in our patients, who were 65-years-old on an average, ranged from 3.5 to 17.7 fmol/mL and were, therefore, comparable to those values previously described in younger individuals. This may be due to the lack of congestive heart failure or pulmonary disease in our patients. These diseases are often seen in aged patients and are known to elevate ANP plasma levels.'^'^ However, the efficiency of the plasma extraction procedure used may be an important consideration. Our sample purification method yields about 75% recovery of atrial natriuretic peptide. This must be taken into account when ANP concentrations reported in tbe literature are compared with ours.
An increase of circulating ANP is caused by atrial stretch or dilatation as well as frequent atrial pacemaker stimulation or atrial fibrillation.^'^^'^ Furthermore, the pacing mode influences ANP secretion. Haufe and co-workers found that right ventricular pacing led to a pacing rate dependent increase of ANP plasma levels up to 300%, whereas significant higher hormone levels under AAI pacing occurred only at pacing rates higher than 140/minute.^ The authors reported a correlation between right atrial blood pressure and plasma ANP concentrations. StangI and co-authors described higher plasma ANP in patients with third-degree AV block at rest and under bicycle ergometry during VVI pacing at 70/minute compared to DDD pacing with 100 msec AV delay.Ô ur data show that variations of AV delay also influence peripheral ANP plasma levels. Minimal ANP concentrations were detected at 82/minute under 175 msec AV delay. Both shorter and longer AV intervals led to higher hormone levels. This was discussed as being due tc alterations of atrial pressure and tension.^^'F rom animal experiments, it was reported that under conditions that allowed the atrial systole to get closer to the mechanical ventricular systole, atrial contractions against a closed AV valve occurred. These lead to elevated atrial pressure with blood regurgitation into the pulmonary veins. This caused an enlargement of the left atrial diameter.^"'" Furthermore, significant changes in cardiac output due to slight AV interval variations were reported from clinical observations.^Â t a 113/minute pacing rate, the differences in ANP plasma levels caused by AV delay variations were less pronounced. This higher stimulation rate led to a threefold increase of hormone concentrations in all AV intervals. Therefore, since only slight changes in ANP plasma levels occurred after changing the programmed AV delay these hormone levels could not be used to define the most hemodynamically beneficial AV interval in DDD pacing at this pacing rate.
Interestingly, there were no differences in plasma ANP levels between AAI and DDD pacing. It is obvious that pacemaker stimulation of tbe right ventricle did not induce any relevant ANP release.
There was a statistical difference in plasma ANP between VVI and DDD pacing at 82/minute. This result corroborates a previous report concerning the lack of AV synchrony in VVI pacing with occurrence of "cannon A waves" in the atrial pressure tracings.^"'' The "pacemaker syndrome" is believed to be based on the latter pathomechanism.^'^^ Until now, it is rather speculative to hypothesize whether an increase of atrial natriuretic peptide in VVI pacing may contribute to this "pacemaker syndrome". In tbis context it seems of some interest to evaluate ANP levels after a prolonged pacing in the VVI mode. This is not done in the present study, but is an important matter for further research. The known direct vasodilatory effect of ANP^^ together with our results after acute stimulations offers at least a rationale to design such follow-up studies.
